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DISPLAY DEVICE COLOR CHANNEL RECONSTRUCTION 



TECHNICAL FIELD 

[0001] The invention relates to color imaging and, more particularly, to presentation of color 
images on display devices. 

BACKGROUND 

[0002] Color display devices are typically multi-channel devices in the sense that multiple 
physical color channels represent every pixel on the display. Multi-channel display devices 
include cathode ray tubes (CRT), liquid crystal displays (LCD), plasma displays, and other 
imaging devices. One common example of a multi-channel device is a three channel device 
comprising red, green, and blue (RGB) channels. 

[0003] Each of the color channels in a multi-channel display device may be modeled as a 
combination of a light source and a light valve. In the case of the LCD, the light source 
typically comprises a common backlight and color filters for each of the channels. The light 
valve, in the case of an LCD, comprises one or two fixed polarizers and liquid crystal cells 
(LCC), which rotate a polarization plane of passing light to regulate the amount of light 
emitted from the display. 

[0004] An emission spectrum for the light source is useful for spectral modeling and display 
calibration to improve color accuracy of imagery presented by the display. However, the 
light source emission spectrum is usually unknown, partially because the spectra of light 
sources vary between different manufacturers and models of display devices and from device 
to device. Further, the emission spectrum for a light source may change over time due to 
component aging, especially in the case of an LCD, which uses luminescent lamps as the 
common backlight. 

SUMMARY 

[0005] In general, the invention relates to techniques for reconstructing color channels in a 
multi-channel display device. The invention may be particularly useful in reconstructing the 
light source spectra for the color channels of liquid crystal displays (LCD). In order to 

1 



Attorney Docket No.: 1037-053US01 

accurately model and calibrate a display device, an accurate light source spectrum estimate 
for each of the individual color channels is needed. 

10006) In accordance with the invention, a light source spectrum can be determined for each 
color channel of a display based on measured emission spectra for the color channels, an 
inverted contrast ratio for (he display, and an assumed transmission spectrum for a hght valve 
in the display. The invention provides techniques to compensate for light leakage from 
adjacent color channels with regard to wavelength dependent emissions mat cause hue 
shifts in images presented by the display device. 

100071 In one embodiment, the invention is directed to a method comprising measunng a 
first emission spectrum of a display for a maximum display level, measuring a second 
emission spectrum of the display for a minimum display level, and measuring cumulauve 
emission spectra for each of a plurality of color chattels of the display with the respectove 
color channel at a maximum level and the other channels at minimum levels. The method 
further includes assuming a transmission specfium for a light valve in the display operatmg at 
a maximum level, and determining an inverted contrast ratio based on the first emisston 
spectrum measurement and (he second emission spectrum measurement. A set of equations 
is created for the color channels based on the measured cumulative emission spectta for the 
color channels, (he measured inverted contrast ratio, and (he assumed transmission spectrum. 
The equation set is then solved to determine a light source spectrum for each of the color 
channels. 

[0008] In another embodiment, the invention is directed to a system including a display, a 
plurality of color channels in the display, a light source and a light valve to model each of the 
color channels, and means for driving the light valve based on a color profile defined by hght 
source spectra. THe light source spectra are reconstructed from measured emission spectra 
for the color channels, an inverted contrast ratio for the display, and an assumed transmission 
spectrum for the light valve in the display. 

[0009] In a further embodiment, the invention is directed to a method which determines a 
W source spectrum for each of a plurality of color channels of a display based on measured 
emission spectra for the color channels, an inverted contrast ratio for the display, and an 
assumed transmission spectrum for a light valve in the display. 
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MM in an added embodiment, the invention is directed to a computer-readable mediutn 
muting actions. The instructions cause a programmable processor to ^ ce ^ v * 
dative emission spectium measurements for eacb of a plurality of color chamtels of a 
display with the respective color channel at a maximum level and the other channels a, 

a maxintum .eve!, and deterntine an inverted contrast ratio for the display. The compu er- 
re adab,e medium contains finfher instructions tha, cause the programmable processor ,o 
solv e a se, of equations to detennine a light soume spectrum for each of dte co,or channels 
b ascd on dte tneasured cumulative emission spectra for the color channels, the tnverted 
contrast ratio, and dte assumed transmission spectrunt, and drive dte light valve based on a 
color profile defined by the light source spectra. 

,»,„ ta anodter embodiment the invention i, directed to a ntethod compnsmg meastntng 
emulative emission spectra for each of a plurality of co,or channels of a dtsplay wtth dte 
respective color channel at a maxintum level and dte other channels a, ntinimum levels, 
asking a firs, transmission spectrum for a light valve in dte display operating at a 

display operating a. a tnhtimum level. The raedtod further eontpnses calculating an tnverted 
contiastratiobasedondtefiratti^ssionspeetiuraassumptionanddresecond 

„, measured cumulative emission speotia for the color channds, dte inverted contrast rati , 
and the assumed first transmission spectium, and solving the equations to determme a Ugh. 

source spectrum for each of the color channels. 

.0012, Tieinventionisoapableofprovidingmany advantages. The desenbed embodmtents 
an improve cofor accuracy, and reduce color accuracy variation for images present by 

th e tight valve tiansmission spectium is dependen, on a wavefength and a dtgttal dnvrn 
si^al Ttiedescribedembodiments^edtewavelengdtdependencyandffssubscuent 

els on the Ugh. source spectium info account For example, dte color channels cannot 
achieve a rally closed state, even when se. a. a minimum leve,, due to tiansmtsston spectium 

cota cbannels include light leakage ftom me mitnmum level, adjacent co.or channel, The 
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m source emission spertra measurement accuracy improves due to compensate of to 
excess ligh, emission. Such compensation aUows for the more accurate calibration of a 
display device color mode, and reduces non-physical effects in mode, calibration caused by 
contamination of the measurements by light leakage. The capability of reconstructing me 
m source spectra adds flexibility to color applications and allows for less dependency on 
particular types and brands of display devices to present imagery with consistent color 

quality. . , 

,00131 The details of one or more embodiments of the invention are set forth m the 
accompanying drawings and Ore description below. Other features, objects, and advantages 
of Are invention will be apparent from to description and drawings, and from tie clamts. 

BRIEF DESCRIPTION OF DRAWINGS 
[00141 FIG 1 is a block diagram illustrating a color management system mat makes use of 
color profiles formulated for a display device in accordance with the inventron. 
10*151 FIG 2 is a block diagram illustrating a color profile generation system that generates 
a color profile based on a display device color model. 

,0016] FIG 3 is a block diagram illustrating a light source reconstruction system to, 
constructs light sourco spectrabaseo on display device spectra, emission measurement, 
100171 FIG 4 is a schematic diagram illustrating a color channel of a multichannel hqmd 
crystal disp.ay (LCD) deviee as a portion of to tight source reconstruction system from FIG 

^00181 FIG 5 is a flow diagram iflusfrating a memod for reconstructing tight source emission 
spectra for to multi-channel liquid crystal display. 

[00191 FIG 6 is a flow diagram illustrating another method for reconstructing light source 
emission spectra for the multi-channel liquid crystal display. 

DETAILED DESCRIPTION 
[00201 FIG. 1 isablock diagram Ulusbating a color management system lOtotmakes use 
of color profiles formulated for a display device in accordance with the invention. As wdl be 
described, to color profiles are buil, based on a display device color mode, to, makes use of 
a Ugh, source specbum reconstruction for a mufti-channe, color display device to, fakes m,o 
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^.Ught.^e^adj^oolor^dsandw.vele^dep^.^ons. 
The wavelengd, dependency causes hue shifts in ft. images recounted by the d-splay 
device, as discussed ^ ms ^lMm I ^Smm^.^ Wg r ) .Jo im 
Wiley ft Sons Ud, p. 335. 2001. By taking into account light leakage from adjacent coior 
channels and wavelengm dependent — sions, ftte color profi.es used by coior 
management system .0 promote increased color image accuracy berween images pnoduced 
on different multi-channel color display devices. 

,00211 As shown in FIG. 1, color management system 10 includes a color management 
module nthatgeneratesacolormap ,8 between a source device 13 andadesfinafiondev.ee 
24 baaed on a source color profile 14 and a destination color profile 16. ColormaplS 
defines a conversion hereon source coordinates 20 associated with source device . 3 and 
destination coordinates 22 associated witin destination device 24. Destination dev.ee 24 «y 
be a mufti-channel color display devices including a liquid crystal display (LCD), a cathode 
ray tube (CRT) display, a plasma display, or the tike. In some embodiments, source dev.ee 
nmaybeascanner.acamem.ormelikefta.aconiresanimage. An original .mage 
obtainedby source device .3 is co,or corrected by eo,or management module 
map 18 prior to being displayed via tire destination display device 24. In another 
embodiment,acolor management modulemay color correct an origbal image of a source 
device without generating a color map by using a combination of source and deatmafion 
color profiles. 

,00221 Color management module 12 may be realized by one or more software process 
executing on a processor such as a desktop computer or workstation. Module .2 executes 
computer-readable instructions ,„ support, a, leas, in part, the functionality de^nbed herem 
Color managementmodule ,2 facilitates color matching between destination devrce 24 and 
source device .3. Source color profile 14 specifies a set of color response charactenst.es 
associated with source device 13. Destination color profile 16 specifies a set of color 
response characteristics associated with destination device 24. 

,0023, sourceanddestmationcolorprofi.es 14, ,6 permit reconciliation of co.or response 
differences between source device ,3 and destination device 24 so ma, an image obtatned by 
source device . 3 con be accurate., represented on destination disp.ay dev.ee 24. Source and 
destination co.or profiles 14, 1 6 may generally conform to profiles specified by the 
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teemationa, Color Consortium (ICC). Source coordinates 20 specify color image values for 
an image in a device-dependent coordinate system associated with source dev.ce 13, e g, 
ROB in the even, source device 1 3 is a scanner. Destination coordinates 22 specify color 
image vahres for an image in a dependent coordinate system associated wtth 
destination device 24. 

,00241 FIG 2 is a block dia^am illustiating a color profile generation system 30 accordmg 
.oanembodimentofmeinvention. Wiftin system 30, a profile generation module 40 
generates a color profile 42 based on data obtained from a display device, such as destination 
disptey device 24 of FIG. 1. IT* data obtained from ft. display device include hgb, source 

4, sources and Ugh. valves, respectively, wbicb form part of fte display dev.ee. A device 
cote model 32 uses light source specba 34 and device coordinates 36 to general cote 
coordinates 38. Profite generation module 40 builds cote profife 42 based on the 
reteionship between device coordinates 36 and cote coordinates 38. In fte case . Uus.ra.ed 
in FIG. 2, lighf source spectra 34 are inefuded to improve calibration accuracy ofdev.ee 

color model 32 and therefore, improve accmacy of cote coordinates 38 and cote profile 42. 

,„ some embodiments, a device color mode, does not input Ugh, source specbn and generates 

cote coordinates based only on device coordinates, e.g. RGB. 

,00251 in other embodiments, a cote profile is built without a device color model; however 
L accurate cote profile would rcuire a significant number of measurement, Budftng and 
citing a device color mode, reduces fte number of measurements needed to but, a cote 
profile as no additions, measurements are needed ate fte device cote mode, is cal.brated. 
The device cote mode, provides a response similar to a display device, but generates dev.ee- 
independent color coordinates. 

,0026) Profile generation module 40 sends device coordinates 36 to device cote model 
wi receives a modeled response in fte form of cote coordinates 38. Profile generabon 
m „dule40ften creates cote pmfile 42 that is capable of converting images from dev.ee- 
independent color coordinates ,0 device specific coordina.es. Profile generation module 
may be configured .o control device coordina.es 36, and fterefore fte Ugh. valves m fte 
dis lay device to obtain color coordina.es 38 from device cote mode, 32, and genera* cote 
profile 42 baaed on fte received dabs. As will be described, light source spectra 34 are 
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coated from equations based on measured and assumed special emissions of me display 

device. r 
,00271 The dispiay de.ee may eomprise any number of color channels, but for purposes of 
mustration, will be described herein as a three-channel display system with a red ehannel, a 
^een channel, and ablne ehannel (RGB). Eaeh pixel of an exemplary display dev.ee, sneh 
as an LCD, includes three color channels that combine to generate the color needed to 
accurately reproduce a pixel of an image. Each of the color channels includes one of me 
m sources and one of the light valves that may be manipulated to achieve the color 
specified for the pixel. The light source mission speed™ 34 S,(A) ofthe f charmelisa 
Action of fire wavelengfit, X , and determines the color ofthe channel. The light souroe 
comprises a combination of abacldight B(X) and a color filter F,W fordte t color 
channel, as folows: 

Tne light valve transmission spectrum «f. J)* eontro.led by device coordinates 36 and may 
„e assumed to be identical for every color channel, fit a typical LCD device, stationary 
po.anzers and liquid crystal cells (LCC) with controllable phase retardations consulate ft. 
m valves. A voltage applied to the LCC is dependent upon the digital driving signal 
anddeterminesthephaseretardafionforpaaaingltght For polarized light, the 
retardation controls rotation of a po,arizafion plane of me Ugh. and therefore, fire wave,en*h 
dependent intensity of Ugh. transmitted throu^ me Ugh, va,ves. An emissron spectrum for 
^dividual color channel 1 and for a ^ven distal .eve, « may be expressed as a p»duc of 
.heUgh. source emission spectrum S,(A) and the light valve fiansmission spectrum 
as follows: 

E i {d i Q = S i W*</>M (2) 

A cumulative emission spectrum for a pixel is a summation of all N individual color 
channels, in this case the red, green, and blue color channels. 
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The tight — determme me color of tight emitted for each of me color channe,s.Tne 
digital driving signa. i consols the intensity of light transmitted hy the light valves for each 

of the color channels. « 
,0*28, in accoreance with the invention, profile generation modvde 40 generates co.or profile 
42 for the LCD based on color coordinates 38, which are determined by device color mode, 
32 from light sonrce spectra 34 and device coordinates 36. The resnhing co.or profile 
represents me color response characteristics of the LCD device. In order to accurately 
generate co.or profile 42 for any type or brand of LCD, light source spectra 34 must be 
determined from display measurements and calculation, The caicmations compensate for 
adjacent chamre, leakage and light valve waveleng* dependency that create tnaccurac.es m 
direct fight sonrce spectra, mea— s. The compensated tight source spec«a 34 nnpro. 
Vibration of device color mode, 32 and merefore create a more accurate color profit 42 
Ure disp,ay device. Profi,e generation modu,e 40 may be realized by one or more software 
processesexecntingonaprocessorsnchaaadesktopcomputerorworks^on. 
,00291 FIGSisaHockdiagmmiUusfiatingatightsourcereconstructionsystemSOdra 
generates tight source spectra 34 from d,sp,ay device spectral emission measurementa ,n me 
example of FIG. 3, me spectra, emission measurements are from the three-channel LCD 
described above. System 50 includes color channel emission spectra 54, an assumed 
emission specmun 56, a maximum emission spectrum 58, and a minimum — 
spectrum 60 input to a tight source reconstruction module 52. Light source re—on 
m „dule52make S use„faninver,edconnnst ra tio62anda„e q uationsolvermodnle64. 

E^tion sower modu,e 64 genem.es tight source spectra 34 based on co.or ctianne, ermssren 
spltra 54, assumed transmission spectrum 56, and inverted contrast ratio 62. tir particular, 
Hgh, source spectra 34 are determined by so.ving euuations baaed on the measured co or 
cine, emission spectra 54, assumed transmission spectre*. 56, and inverted contrast ra..o 



62. 
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,00301 The measured emission spectra of me display for me red, green, and blue channels are 
Ml in color channel emission spectra 54. Co,or channel emission specha 54 compnse 
cumulative emission measurements of each color chamre, with me respective color channel 
a maximum level and the other channels a. minhnum levels. For example, me red channel 
emission spectrum comprises me cumulative emission measurement of me dismay when me 
r ed channel is a. the maximum digital driving signal and the ^een channe. and blue channel 
are a. the minimum digital driving signal. The *een channel and blue channel mrnnnum 
leV el emissions cannot be assumed negligible, however, and can generate sigmficant 
emission even when the pertinent Hgh. valves are turned .•„«." In parricular, dre mmrmum 
lev el light valve transmission spectrum #(0,1) is still dependent on wavelengm. 
Consequently, me light valves cannot fidly close to b.oclc all light from being emitted. The 

at maximum 8-bit (255) drive levels with adjacent channels a. minimum drive levels, are 

represented as follows: 

£(255,0,0,A) = S r W*#(255,A) + S,(A)^(0,A) + S J (A)* < ((0,A) 

£(0,255,0,A) = S,(A)« ( K0,A) + S,W < K255,A) + S ( W#(0,A) (4) 

£(O,0,255,A) = S,W«O,A) + S J W,«O,A) + S s W,>(255,A) 

where E is emission, S is the spectral contribution of Ugh, source, and #(255,2) is the digital 
driving value fo, a given light valve. The assumed transmission spectxum 56 is determined 
forthe maximum digita. driving signal, #(255,2). In this case, the maximum digttal dnvtng 
represents an 8-bit system forpmposes of example. Of course, other n-hit systems are 
Jsible. The determination may be made by assuming me measured co,or channe, emtsston 
Una 54 constitute the Ugh. source spectra for the co.or channels, using defauh parameters 
for a particular rype or brand of LCD, or squaring a cosine or sine taction of phase 
retardation associated wim the light valve, The main luncuon of assumed «r ansmtss, on 
spectrum 56 is to normalize me measured color channel emission spectra 54 and compensate 
for the wavelength dependency of the light valves. 
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[0031] Inverted contrast ratio 62 may be based on the maximum level transmission spectrum 
^(255, A) and the minimum level transmission spectrum M) ** * ffven channel. 
Although both of the transmission spectrum values may be assumed, as described for 
assumed transmission spectrum 56, the uncertainty of the rough approximations may 
introduce significant error in light source spectra 34, which is perceived as a hue shift m 
color profile 42. In the embodiment illustrated in FIG. 3, a measured contrast ratio, C , is 
used in place of the assumed ratio. Maximum emission spectrum 58 of the display is 
measured for all of the color channels in the display at the maximum level, and minimum 
emission spectrum 60 is measured for all the color channels at the minimum level. As can be 
seen, the inverted ratio of emission spectrum measurements 58 and 60 is equivalent to the 
assumed transmission spectrum ratio. 

- £ ( o,o,<u) <sm+s.w+sM))*m» _ m*L (5) 

C = W55,2S5,Ar W^W 0 ** ' (255,1> 

,00321 As a result, equations for the reconstruction of all channels include only one assumed 
variable and produce a converging set of equations that can be solved by iterauon. 
Accordingly, light source reconduction module 52 applies the input values to equatton 
solver module 64. Equation solver module 64 creates a light source emission equatton for 
each of the color channels. For the case in which inverted contrast ratio 62 is based on the 
measured emission spectra for maximum and minimum display levels, as in equatton (5), the 
light source spectrum equations may be expressed as: 



0(255, A) 

*' K } ^(255, X) 

S i (A) = ^^ 1 -(S,W^ g W)*C(A) 
0(255, a) 



(6) 
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The firs, members of equations (6) are normalized on me assumed maximum light valve 
emission 56. The normalization compensates wavelength dependency of the 
emission spectrum. The second members of equations (6) are light leakage compensation 
that, for example, model me excess light passed through fire minimum level green and blue 
channels while operating the red channel at the maximum level. 

,00331 Equation solver module 64 solves the light source spectrum equations, (6). Equation 
set (6) converges, which allows equation solver module 64 to solve me set by iteration, A 
high inverted contrast ratio 62 ensures that equation se. (6) will converge. The outputs of 
equation solver modme 64 are reconstituted light source emission spectra 34. Ltgh, source 
emission spectra 34 include light sonrce spectra for each of me co.or channels m me LCD 
device The light source spectia 34 improve calibration accuracy of device color mode, 
accurately model the disp.ay device and generate color profile 42, as shown in FIG 2. 
System 50 improves the color accuracy of me multi-ehanne. LCD by compensating tight 
leakage contamination in light source spectral measurements. 

,00341 FIG 4 is a schematic diagmm illustrating a color channel 80 of a typical hqmd crystal 
display (LCD) device as a portion of light source reconstruction system 50, from FIG 3 
Col channel SO includes a Ugh, source 81 and a light valve 85. Light sonrce 81 includes a 
backlight 82 and a color filter 84. Light valve 85 includes a firs, polarizer 86, a second 
polarizer 88, and liquid crystal cells (LCC) 90 disposed between the polarizers 86 and 88 
[00351 Backlight 82 emits Ugh. <o every pixel, and therefore every color channel 80. F.rs. 

I polarization plane of the passing light. The amount of Ugh. tiansmUted by hgh. valve 85 
depends on an orientation of me polarization plane of me passing light relative to second 
polarizer 88. An angle of rotation of the polarization plane depends on a voltage or dtgdal 
driving signal applied to LCC 90 and a wavelengm of the light. Color filter 84 filters *e 
Ugh, transmhteuby Ugh. valve 85 ,o define «he color of channel 80. In me case of me <hree- 
channel LCD described above, color fiber 84 may be a ted, green, or blue filter. 
[0036, Light source reconstiuction system 50, ftom FIG 3, may improve the color accuracy 
of images displayed by me LCD. System 50 uses display emission mcasurenten.s to cteate 
and calibrate display device color mode. 32, which is men used to create co.or profi.e 42 for 
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the display. Color profile 42 drives fight valve 85, eg., from a host computer coupled to a 
destination disp.ay device, to generate a precise co,or output from color channel 80 and the 
LCD Displaydeviceemissionmayvaryberweenwesandbrandsofdisp.ays. Theco.or 

profile 42 built by color profile generation system 30 from FIG 2 may allow any LCD dev.ee 
toruoreacoumtelypresentmeintendedcolorofanimageob^nedbyasourcedevtce. 

,00371 FIG 5 is a flow diagram illustrating a method for reconstructing Ugh. source em.ss.on 
spectra 34 for the multi-channel liquid crystal display described above. L.ght source 
reconstruction system 50 from FIG 3 reconstiucts the fight source spectra 34 to create and 
calibrate device color model 32. Device color mode. 32 may model the LCD and generate 
color coordinates 38 used to build color profile 42 for the LCD. 
,0038] Measurements and assumptions from the display device are used to generate fight 
source spectra 34. Maximum emission spectium 58 is measured (100) for all color channels 
gOsetatamaxirnu^level.wUchmayalsobeconsideredanemissionofwh.tehgh.. 

Minimum emission spectium 60 is men measured (102, for all of tire co.or channels 80 se. at 
a minimum level, which may be considered a black emission. Cumulative emission spectra 
54 are measured for each of tire individual color eham.e.s 80 (104) with tire respective 
channel a. a maximum level and tire olher channels a. minimum levels. 
,0039, Assumed transmission spectium 56 is assumed for tire light valves 85 w,ttu„ tire LCD 
operating a. a maximum level (106). Assumed transmission spectrum 56 is known wrth 
aeouracy between 5% and 20%. One of tire assumption methods discussed in reference to 
FIG 3 may be used to determine the assumption Inverted contrast ratio 62 is determmed 
(,08) based on the maximum and minimum emission spectium measurements 58 and 60. 
,00401 The color channel emission spectra 54, assumed transmission spectium 56, and 
.measured inverted contrast ratio 62 are used by equation solver module 64 in light source 
reconstruction modu,e 52 to create a set of equations for fight source emission spectra of*, 
color channels 80 (110). The se, of equations is titen solvedby equation solver module 64 
for each of the light source spectra 34 (1 1 2). 

,0041, Accurate light source emission spectra 34 are very important for cafibration of 
spectra, mode., Optimization of a spectia, mode, by the method ifiustrated in FIG 5 res* 
in per-channel accuracy of less titan AE=4. Although the human eye can peree.ve hue smfts 
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greater than AE=3, the color reconstruction method far surpasses the shift of AE=16 
experienced when no reconstruction method is applied to the light sources 8 1 . 
[0042] FIG 6 is a flow diagram illustrating another method for reconstructing light source 
emission spectra 34 for the multi-channel liquid crystal display described above. Device 
color model 32 uses the light source emission spectra 34 to model and calibrate the display. 
The cumulative emission spectrum 54 is measured for each of the color channels 80 (120) 
with the respective channel at a maximum level and the other channels at minimum levels. 
Transmission spectra are assumed to be known forthe light valves within the color channels 
80. Assumed transmission spectrum 56 is assumed for one of the light valves operating at a 
maximum level (122). 

[0043] A minimum transmission spectrum is assumed for one of the light valve operating at a 
minimum level (124). The assumed transmission spectra are known with accuracy between 
5% and 20O/O. One of the methods discussed in reference to FIG 3 may be used to deterrmne 
the assumptions. The inverted contrast ratio 62 is calculated (126) based on assumed 
maximum transmission spectrum 56 and the assumed minimum transmission spectrum. 
[0044] Color channel emission spectra 54, assumed maximum transmission spectrum 56, and 
calculated inverted contrast ratio 62 are applied to equation solver module 64 within light 
source reconstruction module 52 to create a set of equations for the light source emission 
spectra of the color channels 80 (128). The set of equations is then solved by equation solver 
module 64 for each of light source spectra 34 (130). 

[0045] The method illustrated in FIG 6 results in a reduced hue shift compared to the shift of 
AE=16 experienced when no reconstruction method is applied to the light sources. However, 
the assumed inverted contrast ratio causes a larger hue shift to occur than the measured 
inverted contrast ratio used in the method illustrated in FIG 5. 
[0046] Various embodiments of the invention have been described. These and other 
embodiments are within the scope of the following claims. 
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